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CONTROL METHOD OF DISTRIBUTED
BRAGG REFLECTION SEMICONDUCTOR
LASER, AND IMAGE PROJECTING
APPARATUS

This application 1s a divisional of application Ser. No.
11/896,142, now allowed, filed Aug. 30, 2007, which 1s a

divisional of application Ser. No. 11/120,951, filed May 4,
2005, now U.S. Pat. No. 7,313,156. The contents of each of

these applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image projecting appa-
ratus, such as an 1mage displaying apparatus (e.g., a laser
display) and an 1image forming apparatus (e.g., a laser beam
printer), including a light wavelength converting apparatus
for converting light of a semiconductor laser or a laser diode
(LD) 1nto second harmonic wave light, a method of control-
ling a distributed Bragg reflection (DBR) semiconductor
laser, and the like.

2. Description of the Related Background Art

In the past, there have been proposed a variety of 1image
projecting apparatuses which use as a light source a semicon-
ductor light emitting device which is capable of being directly
modulated, such as a laser diode or a light emitting diode
(LED), and a micro mirror acting as an optical detlector. By
using such a direct-modulation semiconductor light emitting,
device, 1t 1s possible to reduce the cost and the size of the
1mage projecting apparatus, as compared with an image pro-
jecting apparatus using a gas laser or the like that needs an
clectro-optic modulator or an acousto-optic modulator.

In connection with an optical deflector, Japanese Patent
No. 2722314 discloses a super-micro optical deflector with a
mirror of several square millimeters, that 1s achieved by pro-
cessing a silicon of semiconductor material using “microme-
chanics” technology. This micro-mirror 1s of an electromag-
netic type, in which a driving current 1s caused to tlow 1n a
planar coil, and the mirror 1s driven by a Lorentz force acting,
between a permanent magnet and the planar coil. Further, a
large number of micro-mirrors of an electrostatic type and a
piezoelectric type have been proposed. A small-sized image
projecting apparatus capable of reducing power consumption
can be obtained by using the semiconductor light emitting
device and the micro-mirror.

Further, there has been 1n the past proposed an apparatus, in
which fundamental-wave light emitted from a distributed
Bragg retlection (DBR) semiconductor laser 1s mput into a
light wavelength converting device to generate second har-
monic wave light, and a short-wavelength coherent light 1s
thus obtained. When the short-wavelength coherent light 1s
used for an optical disc, a face-recording density on the disc
can be increased since the size of a light spot on the disc can
be reduced.

Furthermore, Japanese Patent Application Laid-Open No.
2002-43683 discloses an apparatus and a method of calculat-
ing a control parameter for a distributed Bragg reflection
(DBR) semiconductor laser.

FIG. 16 illustrates an apparatus that calculates a control
parameter for a DBR semiconductor laser. As illustrated in
FIG. 16, the apparatus includes a DBR semiconductor laser
2010, a second harmonic generation (SHG) device 2020, an
optical detector 2030, and a control portion 2080. The DBR
semiconductor laser 2010 1s comprised of a gain region 2011,
aphaseregion 2012 and a DBR region 2013 with a diffraction
grating. The control portion 2080 includes a tentative-con-
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2

trol-parameter calculator 2081, a current-ratio calculator
2082, and a control parameter determiner 2083.

In the apparatus, fundamental-wave light 1s input into the
SHG device 2020. The SHG device 2020 converts the wave-
length of the fundamental-wave light, and outputs second
harmonic wave light. The second harmonic wave light 1s input
into the optical detector 2030. The optical detector 2030
converts the second harmonic wave light into an electrical
signal. The control portion 2080 monitors the electrical signal
from the optical detector 2030 while changing a phase current
injected into the phase region 2012 and a DBR current
injected ito the DBR region 2013. The control portion 2080
thereby acquires changing points of output power of the sec-
ond harmonic wave light occurring due to a mode hop of the
semiconductor laser 2010. From the changing points, the
control portion 2080 extracts a control parameter for control-
ling the phase current and the DBR current such that a high
power second harmonic wave light can be obtained without
occurrence of any mode hop. The DBR semiconductor laser
2010 1s driven pursuant to the control parameter.

However, problems arise when second harmonic wave
light generated by converting the wavelength of fundamental-
wave light from the above-discussed DBR semiconductor
laser with a light wavelength converting device 1s used 1n an
image projecting apparatus. These problems include the
appearance of chromatic unevenness of an 1mage when the
semiconductor laser 1s controlled n a drawing area of the
image projecting apparatus, the shifting of a wavelength of
the fundamental-wave light 11 an atmospheric temperature
changes, and the shifting of a wavelength range of a high
output of the light wavelength converting device if the atmo-
spheric temperature changes. Accordingly, 1t becomes difli-
cult to stabilize the second harmonic wave light 1n the draw-
Ing area.

SUMMARY OF THE INVENTION

It1s an object of the present invention to provide techniques
for improving an image projecting apparatus and a method of
controlling a distributed Bragg reflection (DBR) semicon-
ductor laser.

According to one aspect of the present invention, there 1s
provided a control method of controlling a distributed Bragg
reflection (DBR) semiconductor laser 1n an image projecting,
apparatus, the 1mage apparatus including the DBR semicon-
ductor laser which 1s provided with a phase region and a DBR
region, a light wavelength converting device for converting
fundamental-wave light emitted from the DBR semiconduc-
tor laser into second harmonic wave light, an optical deflector
for scanning the second harmonic wave light 1n a one-dimen-
s1onal or two-dimensional manner, and a modulating portion
for modulating the DBR semiconductor laser based on an
image signal.

In the control method, a coellicient calculating step and a
wavelength adjusting step are performed within a non-draw-
ing time during which a drawing signal, which corresponds to
the image signal, 1s absent. In the coellicient calculating step,
at least one coeflicient 1n a relationship between a DBR
current to be mjected into the DBR region and a phase current
to be 1njected into the phase region for continuously shifting
the wavelength of the fundamental-wave light 1s calculated.
In the wavelength adjusting step, the DBR current injected
into the DBR region and the phase current injected 1nto the
phase region are changed based on the relationship such that
the second harmonic wave light 1s adjusted.

In the above control method, it 1s possible to perform an
output adjusting step in the non-drawing time to additionally
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carry out an APC (auto power control) function. In the output
adjusting step, while the current injected into the DBR semi-
conductor laser 1s controlled, the second harmonic wave light
1s adjusted at a desired value, using a monitoring result of a
detector for monitoring the amount of the second harmonic
wave light, or the amounts of the fundamental-wave light and
the second harmonic wave light.

Further, it 1s possible to correct the at least one coetlicient
in the relationship 1n the coetlicient calculating step, pursuant
to a gain current injected into a gain region of the DBR
semiconductor laser, and to additionally carry out a function
of correcting the relationship in accordance with the active
current injected 1nto the active region.

Moreover, it 1s possible to provide a temperature monitor
for monitoring temperature of the DBR semiconductor laser,
and to carry out a temperature adjusting step in the non-
drawing time. In the temperature adjusting step, the at least
one coelficient 1n the relationship in the coefficient calculat-
ing step 1s corrected pursuant to temperature mmformation
from the temperature monitor, and a function of correcting the
relationship 1n accordance with the temperature 1s addition-
ally carried out. Such a control can be achieved by imple-
menting a program for executing 1ts procedure 1n the control
portion for controlling the current to be injected into the
semiconductor laser, for example.

According to another aspect of the present invention, there
1s provided an 1mage projecting apparatus which includes a
distributed Bragg reflection (DBR) semiconductor laser pro-
vided with a phase region and a DBR region, a light wave-
length converting device for converting fundamental-wave
light emitted from the DBR semiconductor laser into second
harmonic wave light, an optical deflector for scanning the
second harmonic wave light in a one-dimensional or two-
dimensional manner, and a modulating portion for modulat-
ing the DBR semiconductor laser based on an 1mage signal, a
coellicient calculating portion, and a wavelength adjusting
portion.

The coellicient calculating portion calculates at least one
coellicient 1in a relationship between a DBR current to be
injected mnto the DBR region and a phase current to be
injected into the phase region for continuously shifting the
wavelength of the fundamental-wave light, within a non-
drawing time during which a drawing signal, which corre-
sponds to the image signal, 1s absent. The wavelength adjust-
ing portion changes the DBR current injected into the DBR
region and the phase current injected 1nto the phase region,
based on the relationship, such that the second harmonic wave
light 1s adjusted, within the non-drawing time.

According to still another aspect of the present invention,
there 1s provided an 1mage projecting apparatus which
includes a distributed Bragg reflection (DBR) semiconductor
laser provided with a phase region and a DBR region, a light
wavelength converting device for converting fundamental-
wave light emitted from the DBR semiconductor laser into
second harmonic wave light, a detector for monitoring the
amount of the second harmonic wave light, or the amounts of
the fundamental-wave light and the second harmonic wave
light, an optical deflector for scanning the second harmonic
wave light 1n a one-dimensional or two-dimensional manner,
a modulating portion for modulating the DBR semiconductor
laser based on an 1mage signal, a coell

icient calculating por-
tion, and a wavelength adjusting portion.

The coellicient calculating portion calculates at least one
coellicient 1n a relationship between a DBR current to be
injected into the DBR region and a phase current to be
injected into the phase region for continuously shifting the
wavelength of the fundamental-wave light from the DFB
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semiconductor laser, using a monitoring result of the detector,
within a non-drawing time during which a drawing signal,
corresponding to the image signal, 1s absent. The wavelength
adjusting portion adjusts the wavelength of the fundamental-
wave light such that the second harmonic wave light or an
eificiency of the second harmonic wave light relative to the
fundamental-wave light comes close to 1ts peak, based on the
relationship, using the momnitoring result of the detector,
within the non-drawing time.

According to the present invention, at least one coetficient
in the relationship between the DBR current to be injected
into the DBR region and the phase current to be 1injected into
the phase region for continuously shifting the wavelength of
the fundamental-wave hght 1s calculated 1n the non- drawmg
time, and the DBR current injected into the DBR region and
the phase current 1injected nto the phase region are changed
based on the relationship such that the second harmonic wave
light 1s adjusted, 1n the non-drawing time of an 1mage pro-
jecting apparatus. Theretfore, the second harmonic wave light
can be stabilized 1n a drawing area of the image projecting
apparatus.

These advantages, as well as others, will be more readily
understood 1n connection with the following detailed descrip-
tion of the preferred embodiments and examples of the inven-
tion in connection with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating the structure of an
embodiment of an 1mage projecting apparatus according to
the present invention.

FIG. 2 1s a view schematically 1llustrating the structure of
a first embodiment of an image displaying apparatus accord-
ing to the present invention.

FIG. 3A 1s a graph showing a relationship between a scan
displacement and time of a main-direction optical deflector 1in
the first embodiment.

FIG. 3B i1s a graph showing a relationship between a scan
displacement and time of an auxiliary-direction optical
deflector in the first embodiment.

FIG. 4 1s a view 1llustrating a locus of drawing light on a
projection surface.

FIG. 5 1s a view showing a relationship between a drawing,
area, a horizontal blanking and a vertical blanking on a pro-
jection suriace.

FIG. 6 1s a control tlow chart of the first embodiment.

FIG. 7 1s a graph showing a relationship between a DBR
current, a phase current and an oscillation wavelength of a
semiconductor laser in the first embodiment.

FIG. 8A 1s a graph showing a relationship between an
output of second harmonic wave and an oscillation wave-
length of a semiconductor laser.

FIG. 8B 1s a graph showing a relationship between an
output of fundamental-wave light and an oscillation wave-
length of a semiconductor laser.

FIG. 8C 1s a graph showing a relationship between an
output of second harmonic wave light and an oscillation
wavelength of a semiconductor laser at a time when the oscil-
lation wavelength 1s continuously changed.

FIG. 9 1s a block diagram 1illustrating the structure of a
second embodiment of an 1mage projecting apparatus accord-
ing to the present invention.

FIG. 10 1s a control flow chart of the second embodiment.

FIGS. 11A and 11B are graphs showing relationships
between a DBR current, a phase current and an oscillation
wavelength of a semiconductor laser at a time when a gain
current 1s changed 1n the second embodiment.
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FIG. 12 1s a block diagram illustrating the structure of a
third embodiment of an 1mage projecting apparatus according,
to the present invention.

FI1G. 13 1s a control tlow chart of the third embodiment.

FIGS. 14A and 14B are graphs showing relationships
between a DBR current, a phase current and an oscillation
wavelength of a semiconductor laser at a time when a gain
current 1s changed 1n the third embodiment.

FI1G. 15 1s a control flow chart of a fourth embodiment of an
image projecting apparatus according to the present mven-
tion.

FIG. 16 1s a block diagram illustrating the structure of a
conventional apparatus for calculating a control parameter.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will hereinafter be
described with reference to the drawings.

FIG. 1 illustrates the structure of an embodiment of an
image projecting apparatus 1 according to the present mven-
tion. As 1llustrated 1n FIG. 1, a DBR semiconductor laser 2
includes a gain region 21, a phase region 22, and a DBR
region 23 provided with a diffraction grating. The DBR semi-
conductor laser 2 emits fundamental-wave light 3. The fun-
damental-wave light 3 1s input 1nto a light wavelength con-
verting device 4. The light wavelength converting device 4
converts the fundamental-wave light 3 1nto 1ts second har-
monic wave light 5. The second harmonic wave light 5 1s
deflected by an optical deflector 7 driven by a deflector driver
6. Detlected light 8 forms an 1mage on a projection surface or
a screen 9.

A drawing signal 1s generated pursuant to an 1mage signal
from an external source 10 by a drawing signal generator 111
in a control portion 11. A current injected into at least one of
the active region 21, the DBR region 23 and the phase region
22 1s changed 1n accordance with the drawing signal to modu-
late the fundamental-wave light 3

A portion of the fundamental-wave light 3 1s separated by
a beam splitter 12, and 1ts amount 1s detected by a fundamen-
tal wave detector 14. A portion of the second harmonic wave
light 5 1s separated by another beam splitter 12, and 1ts
amount 1s detected by a second harmonic wave light detector
15. A filter (not shown) for cutting the fundamental-wave
light 1s provided between the second harmonic wave light
detector 15 and the light wavelength converting device 4.

Further, based on the amounts of the fundamental-wave
light 3 and the second harmonic wave light 5, a coefficient
calculator 112 1n the control portion 11 calculates a coefli-
cient or coellicients 1n a relationship between the DBR cur-
rent to be injected into the DBR region 23 and the phase
current to be 1njected 1nto the phase region 22, for continu-
ously shifting the wavelength of the fundamental-wave light
3 from the DBR semiconductor laser 2. A wavelength adjuster
113 in the control portion 11 controls those currents based on
the above relationship to adjust the wavelength of fundamen-
tal-wave light 3 such that an output efliciency of the second
harmonic wave light 5 comes close to 1ts peak.

The control portion 11 and the deflector driver 6 are syn-
chronized with each other by a synchronization circuit 13.
The coetlicient calculator 112 calculates the coelficient or
coellicients 1n the relationship between the DBR and phase
currents within a non-drawing time during which the image
signal 1s absent, and the wavelength adjuster 113 adjusts the
wavelength of fundamental-wave light 3 such that the output
elficiency of the second harmonic wave light 5 comes close to
its peak, 1n the non-drawing time. According to the above-
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discussed operation, the amount of the second harmonic wave
light S 1s stabilized 1n a drawing time during which the image
signal 1s present, and the drawing light 8 forms a preferable
image on the projection surface 9.

More specific embodiments will now be described.

FIG. 2 1llustrates a first embodiment of an 1image displaying
apparatus. In FIG. 2, the same portions or elements as those 1n
FIG. 1 are designated by the same reference numerals.

In the first embodiment, a phase region 22 and a DBR
region 23 1 a DFB semiconductor laser 2 are constructed
such that temperature thereot can be controlled by 1njecting
current into a thin-film heater. The wavelength of fundamen-
tal-wave light 3 1s changed by such a change 1n the tempera-
ture. In the first embodiment, the fundamental-wave light 3 1s
infrared light at a wavelength of about 1060 nm, and second
harmonic wave light 8 1s green light at a wavelength of about
530 nm.

An optical deflector 7 1s comprised of a main-direction
optical detlector 71 and an auxiliary-direction optical detlec-
tor 72, and detlects the second harmonic wave light 5 1n a
two-dimensional manner. The main-direction optical deflec-
tor 71 includes a mirror, which 1s supported by a pair of
torsion bars, and undergoes a sinusoidal-wave drive (its driv-
ing frequency 1s about 20 kHz) as illustrated in FIG. 3A,
owing to a rotational reciprocal oscillation of the mirror about
an axis defined by the torsion bars, for example. The main-
direction optical deflector 71 used here can be replaced by a
polygon mirror or the like. The auxiliary-direction optical
deflector 72 includes a mirror mounted to an axis of a stepping
motor, and undergoes a sawtooth-wave drive (its driving fre-
quency 1s about 60 Hz) as 1llustrated 1n FI1G. 3B, for example.
The auxihiary-direction optical deflector 72 can be similarly
replaced by a polygon mirror or the like.

The drawing light 8 detlected by the optical detlector 7
traces a locus as 1llustrated in FIG. 4, and an 1mage 1s accord-
ingly formed on the projection surface 9. Here, 1n connection
with the locus of the drawing light 8 illustrated in FIG. 4, a
drawing time 16, a vertical blanking time 17 and a horizontal
blanking time 18 1llustrated 1n FIG. 5 are defined as follows.
The drawing time 16 1s a period during which a signal from an
external source 10 executes drawing 1n a drawing area on a
projection surface 9. The vertical blanking time 17 1s a period
during which the detlected light 1s present in uppermost and
lowermost horizontal zones in the non-drawing area. The
horizontal blanking time 18 i1s a period during which the
deflected light 1s present in rightmost and leftmost vertical
zones 1n the non-drawing area.

FIG. 6 shows a control tlow for stabilizing the amount of
the second harmonic wave light 5 1n the drawing time 16. In
the control flow, a coellicient calculation step 61 is initially
executed by a coetlicient calculator 112 at a starting time of
the 1mage projecting apparatus. A wavelength adjustment
step 63 1s then carried out by a wavelength adjuster 113, based
on a non-drawing area decision step 62, in the non-drawing
areas corresponding to the vertical blanking time 17 and the
horizontal blanking time 18. This 1s followed by a central end
decision step 64 of whether central flow should end. The
coellicient calculation step 61 and the wavelength adjustment
step 63 will hereinatiter be described 1n detail.

The coetlicient calculation step 61 will be discussed first.
FIG. 7 shows the relationship between DBR current, phase
current and oscillation wavelength of the fundamental-wave
light 3 from the DFB semiconductor laser 2. Along an
abscissa of the graph, the DBR current 1s graduated 1n 4.0 1n
mA increments 1n a range from 130.0 mA to 150.0mA. Along
an ordinate of the graph, the phase current 1s graduated in 40.0
mA increments 1 a range from 0 mA to 200.0 mA. The
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wavelength varies from 1063.40 nm to 1064.00 nm along a
wavelength continuous varying curve. In the graph of FI1G. 7,
a line extending from an upper left side to a lower right side 1s
an equi-wavelength line, and the wavelength continuously
increases from a lower left side to an upper right side except
in locus portions of a mode hop.

When currents injected into the phase region 22 and the
DBR region 23 are changed, a point, at which a mode hop
occurs and the wavelength largely varies, appears. Further,
there 1s between loc1 of a mode hop the wavelength continu-
ous varving curve, along which the wavelength can be con-
tinuously changed when currents injected into the phase
region 22 and the DBR region 23 are changed. In the coetli-
cient calculation step 61, changing points of the wavelength
due to the mode hop are detected, and a relationship between

currents for achieving a continuous change 1n the wavelength
1s calculated.

In the DBR semiconductor laser 2 using the thin-film
heater, an 1increase 1n temperature due to current injected 1nto
the heater 1s proportional to the square of the current, and a
change 1n the refractive index of semiconductor (1.e., achange
in the phase) 1s proportional to a change in the temperature.
Accordingly, the wavelength continuous changing curve can
be approximately represented by

AIppr +B1 0 =C

fase

(1)

where 1,55 1s the DBR current, I, .. 1s the phase current, A
and B are proportional coelficients, respectively, and C 1s a

constant.

The determination of the wavelength continuous varying,
curve 1s not limited to the above discussion. For example, 1t
can also be carried out by fitting to an appropriate function
from discretely-detected points. The proportional coefficients
A and B, and the constant C in the formula (1) can be calcu-
lated from the DBR current and the phase current which cause
the mode hop. Two calculation methods of calculating the
proportional coetlicients A and B and the constant C of the
wavelength continuous varying curve will heremafter be

described.

The first method 1s as follows. As 1llustrated in FIG. 7, the
wavelength of the fundamental-wave light 3 largely changes
when the mode hop appears. Because ol the mode hop accom-
panied with the change 1n the wavelength, the second har-
monic wave light 5 generated by the conversion of the light
wavelength converting device 4 1s largely changed as illus-
trated 1n FIG. 8A. In a graph of FIG. 8A, the phase current 1s
fixed, and the DBR current 1s changed. It 1s possible to detect
the DBR current and the phase current for causing the mode
hop when the change 1n the amount of the second harmonic
wave light 5 1s detected by the second harmonic wave light
detector 15. A wavelength continuous varying point 1s set at a
central portion between two points of the mode hop detected
as discussed above. The proportional coefficients A and B,
and the constant C of the wavelength continuous varying
curve are calculated by measuring several wavelength con-
tinuous varying points.

The second method of calculating A, B and C 1s as follows.
As 1llustrated 1n FIG. 8B, the output of the fundamental-wave
light 3 largely changes at a point at which the mode hop
appears. It 1s possible to detect the DBR current and the phase
current which cause the mode hop, when the change 1n the
above output 1s detected by the fundamental wave detector
14. A wavelength continuous varying point 1s set at a central
portion between two points of the mode hop detected as
discussed above. The proportional coellicients A and B, and
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the constant C of the wavelength continuous varying curve
are calculated by measuring several wavelength continuous
varying points.

As discussed above, at least one of the fundamental-wave
light 3 and the second harmonic wave light 5 are monitored by
the fundamental wave detector 14 or the second harmonic
wave light detector 15. Thus, 1t 1s possible to detect the DBR
current and the phase current, at which the mode hop 1is
caused, and to calculate the proportional coefficients A and B,
and the constant C of the wavelength continuous varying
curve.

The wavelength adjustment step 63 will now be discussed.
When the DBR current and the phase current are controlled
along the wavelength continuous varying curve calculated 1n
the coellicient calculation step 61, the wavelength of the
fundamental-wave light 3 can be varied without occurrence
of any mode hop. FIG. 8C shows a relationship between the
wavelength of the fundamental-wave light 3 and the second
harmonic wave light 5. In the wavelength adjustment step 63,
the DBR current and the phase current are controlled along
the wavelength continuous varying curve to sweep the wave-

ength of the fundamental-wave light 3 as illustrated in FIG.
8C.

During this sweep time, only the second harmonic wave
light 5 or both of the fundamental-wave light 3 and the second
harmonic wave light 5 (1.e., at least the second harmonic wave
light §) are detected by the fundamental wave detector 14 or
the second harmonic wave light detector 15, and the wave-
length of the fundamental-wave light 3 1s approximately
locked at a value at which the second harmonic wave light 5
or 1ts elliciency (a ratio of the output of the second harmonic
wave light 5 relative to the output of the fundamental-wave
light 3) reaches its peak.

According to the first embodiment, 1n the DBR semicon-
ductor laser 2 using the thin-film heater, it 1s possible to fix the
second harmonic wave light 5 or 1ts efficiency in the drawing
area approximately at its peak. Accordingly, the amount of the
second harmonic wave light 5 can be stabilized 1n the drawing
time, and the drawing light 8 can form a preferable image on
the projection surface 9.

A description will be given for a second embodiment of an
image projecting apparatus with reference to FIGS. 9, 10,
11A and 11B. FIG. 9 illustrates the structure of the second
embodiment. In FIG. 9, the same portions or elements as
those 1n FIG. 2 are designated by the same reference numer-
als.

FIG. 10 shows a control flow of the second embodiment. In
the second embodiment, following a coeltlicient calculation
step 101 and a non-drawing area decision step 102, a wave-
length adjuster 113 executes a wavelength adjustment step
103 1n the non-drawing time, and an output adjuster 114
executes an output adjustment step 104 of adjusting the sec-
ond harmonic wave light 5 at a desired value.

The output adjustment step 104 will now be discussed.
After the wavelength adjustment step 103, the second har-
monic wave light 5 1s not always at a desired value. Accord-
ingly, in the output adjustment step 104, a current injected
into the active region 21 of the DFB semiconductor laser 2 1s
changed such that the second harmonic wave light 5 reaches
a desired value. When the active current injected into the
active region 21 1s changed, the DBR current and the phase
current causing the mode hop vary as illustrated in FIGS. 11A
and 11B.

Theretore, when the coefficients A and B and the constant
C of the wavelength continuous varying curve are adjusted
pursuant to the current injected into the gain region 21, 1t
becomes possible to continuously change the oscillation
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wavelength of the semiconductor laser 2 without occurrence
of any mode hop. Although all of the coellicients A and B and
the constant C can be altered pursuant to the change in the
active current injected into the gain region 21, the coellicients
A and B can be assumed to remain unchanged since the slope
of the wavelength continuous varying curve remains almost
unchanged as illustrated in FIGS. 11A and 11B.

Here, only the constant C 1s changed pursuant to the active
current injected into the active region 21. A new constant C'
can be calculated by

C'=C+D-AI

gain

(2)

where Al ., 1s the amount of the change 1n the active current
injected into the active region 21, and D 1s the correcting
coellicient of the active current. The correcting coellicient D
can be obtained by measurement performed beforehand, or
can be calculated by detecting a point of the mode hop while
changing the active current in the non-drawing time.

According to the second embodiment, the second har-
monic wave light 5 1n the drawing area can be stabilized at a
desired value, and the wavelength continuous varying curve
can be corrected pursuant to the change 1n the active current
injected into the active region 21 such that the second har-
monic wave light 5 can be stabilized without occurrence of
any mode hop subsequent to the control of the active current.
With respect to other points, the second embodiment is the
same as the first embodiment.

A description will now be given for a third embodiment of
an 1mage projecting apparatus with reference to FIGS. 12, 13,
14A and 14B. FIG. 12 illustrates the structure of the third
embodiment. In FIG. 12, the same portions or elements as
those 1n FI1G. 2 are designated by the same reference numer-
als.

FI1G. 13 shows a control flow of the third embodiment. In
the third embodiment, a temperature monitor 19 monitors
temperature of the DFB semiconductor laser 2. In a coetfi-
cient calculation step 131, at least one coellicient 1n a rela-
tionship between currents injected into the DBR region 23
and the phase region 22 1s corrected 1n accordance with tem-
perature information from the temperature monitor 19 1n the
non-drawing time. This 1s followed by a non-drawing area
decision step 132, a wavelength adjustment step 133, and a
temperature adjustment step 134.

The temperature adjustment step 134 will now be dis-
cussed. Temperature of the DFB semiconductor laser 2
changes due to an atmospheric temperature of the image
projecting apparatus 1 used. When the temperature of the
DFB semiconductor laser 2 1s changed, the DBR current and
the phase current, which cause the mode hop, vary as illus-
trated 1n FIGS. 14A and 14B.

Theretore, when the coeflicients A and B and the constant
C of the wavelength continuous varying curve are adjusted
pursuant to the change 1n the temperature of the DFB semi-
conductor laser 2, 1t becomes possible to continuously change
the oscillation wavelength of the semiconductor laser 2 with-
out occurrence of any mode hop. Although all of the coetli-
cients A and B and the constant C can be altered pursuant to
the change 1n the temperature of the DFB semiconductor laser
2, the coefficients A and B can be assumed to remain
unchanged since the slope of the wavelength continuous
varying curve remains almost unchanged as illustrated in
FIGS. 14A and 14B.

Here, only the constant C 1s changed pursuant to the change
in the temperature of the DFB semiconductor laser 2. A new
constant C" can be calculated by

C"=C+E-AT (3)
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where AT 1s the amount of the change in the temperature of
the DFB semiconductor laser 2, and E 1s the correcting coet-
ficient of the temperature. The correcting coellicient E can be
obtained by measurement performed beforehand, or can be
calculated by detecting a point of the mode hop while chang-
ing the temperature of the DFB semiconductor laser 2 1n the
non-drawing time.

According to the third embodiment, the wavelength con-
tinuous varying curve can be corrected pursuant to the change
in the temperature of the DFB semiconductor laser 2 such that
the second harmonic wave light 5 can be stabilized without
occurrence of any mode hop due to the change 1n the atmo-
spheric temperature. With respect to other points, the third
embodiment 1s similar to the first embodiment.

A description will now be given for a fourth embodiment of
an 1mage projecting apparatus with reference to FIG. 15. The
structure of the fourth embodiment i1s similar to the first
embodiment illustrated 1n FIG. 2.

In the fourth embodiment, currents injected into the phase
region 22 and the DBR region 23 of the DFB semiconductor
laser 2 change the refractive index of the semiconductor layer,
and varies the wavelength of the fundamental-wave light 3.
The DFB semiconductor laser 2 capable of changing 1ts oscil-
lation wavelength by injection of carriers has a feature that the
oscillation wavelength can be controlled at high speed.

FIG. 15 shows a control tlow of the fourth embodiment. In
the fourth embodiment, a coetficient calculator 112 carries
out a coellicient calculation step 152 (or 155) 1n the vertical
blanking time 17 of an 1image projecting apparatus, based on
a vertical blanking decision step 151 (or 154). Further, a
wavelength adjuster 113 carries out a wavelength adjustment
step 157 in the horizontal blanking time 18 of the image

projecting apparatus, based on a horizontal blanking decision
step 156.

In the DFB semiconductor laser 2 capable of changing the
wavelength by the injection of carriers, a change 1n the refrac-
tive index of the semiconductor 1s approximately propor-
tional to the density of carriers. Since the density of carriers 1s
approximately proportional to the amount of injected current,
a wavelength continuous varying curve can be approximated

by

=C

phase

(4)

A dppptB -
where 1,5 1s the DBR current, 1 ,, .. 1s the phase current, A,
and B, are proportional coefficients, respectively, and C 1s a

constant.

By addition of the term of the square (second power) or
more power of current to the formula (4), the relationship of
the formula (4) can reflect a change 1n the temperature due to
the current injection and saturation of a change 1n the refrac-
tive index by the current injection. Further, the determination
of the wavelength continuous varying curve is not limited to
the above discussion. It can also be carried out by fitting to an
appropriate function from discretely-detected points, for
example.

According to the fourth embodiment, because the coetli-
cient calculation step 152 (or 155) and the wavelength adjust-
ment step 157 are performed 1n the vertical blanking time 17
and the horizontal blanking time 18, respectively, 1n the DFB
semiconductor laser 2 capable of speedily controlling the
oscillation wavelength by the injection of carriers, the output
or the efficiency of the second harmonic wave 5 1n the draw-
ing time can be stabilized at 1ts peak. As for other points, the
fourth embodiment 1s similar to the first embodiment.

The present mvention can also be applied to an optical
apparatus, such as an 1mage forming apparatus, in which
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drawing light 1s one-dimensionally deflected. In such an
image forming apparatus, laser light (for example, 1n a green-
color wavelength range) emitted from a light wavelength
converting device undergoes predetermined intensity modus-
lation performed corresponding to a timing of optical scan-
ning, and 1s one-dimensionally scanned by an optical scan-
ning system. The scanned laser light forms an 1mage on a
rotating photosensitive member through a writing lens.

The photosensitive member 1s uniformly charged by a
charging device, and an electrostatic latent image 1s formed
on a portion of the photosensitive member scanned with the
light. A toner image 1s formed on an image portion of the
clectrostatic latent image by a developing device. Upon trans-
ter and fixation of the toner image, for example, on a sheet, an
image 1s formed on the sheet. According to the present inven-
tion, an 1image with improved quality can be formed.

While the present invention has been described with
respect to what 1s presently considered to be the preferred
embodiments and examples, it 1s to be understood that the
invention 1s not limited to the disclosed embodiments and
examples. The present invention 1s intended to cover various
modifications and equivalent arrangements included within
the spirit and the scope of the appended claims.

This application claims priority from Japanese Patent
Application No. 2004-14293535, filed May 12, 2004, and No.
2005-055237, filed Mar. 1, 2005, the contents of which are
hereby incorporated by reference.

What 1s claimed 1s:

1. A control method of controlling a distributed Bragg
reflection (DBR) semiconductor laser having a DBR region,
a phase region and an active region comprising the steps of:

obtamning a formula representing a curve positioned

approximately at the center between a locus of a {first
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mode hop and a locus of a second mode hop, the loci
being indicated on a graph showing a relationship
among a DBR current injected 1nto the DBR region, a
phase current injected 1nto the phase region and an oscil-
lation wavelength of the DBR semiconductor laser; and

adjusting the oscillation wavelength of the DBR semicon-
ductor laser by changing the DBR current and the phase

current such that a formula 1s satisfied,

wherein the formula is represented by A'l,..°+

B-IPMSEZZC,, where 1,5, 1s the DBR current, 1, 1sthe
phase current, A and B are coeflficients, and C 1s a con-

stant.

2. A control method according to claim 1, wherein the DBR
semiconductor laser has a detector for monitoring the amount
of the fundamental wave light emitted from the DBR semi-
conductor laser and the detector detects the DBR current and
the phase current at which a mode hop occurs to obtain the
coefficients A and B, and the constant C.

3. A control method according to claim 1, further compris-
ing correcting at least one of the coetlicient A, the coelficient
B and the constant C of the formula obtained 1n the obtaining
step 1n accordance with a current injected into the active
region of the DBR semiconductor laser.

4. A control method according to claim 1, wherein the DBR
semiconductor laser has a temperature monitor for monitor-
ing temperature ol the DBR semiconductor laser, and the
method further comprising correcting at least one of the coet-
ficient A, the coetficient B and the constant C of the formula
obtained 1n the obtaiming step 1n accordance with the tem-
perature detected by the temperature monitor.
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